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ABSTRACT
The recent advances and improvements on nuclear medicine area involving diagnostic and therapy tests has
called attention of electronic engineers on how to design modern detection probes.  The basic modern design
targets are related to the size and weight (smaller) and, mainly, to higher detection efficiency.  We have built in
the past a probe that has been used for diagnostic thyroid exams since 2004 in the Nuclear Medicine Service
(NMS) of Universidade Federal do Rio de Janeiro (UFRJ) hospital.  However, its design has been made
considering that it would be installed and operated just in typical exam rooms of NMS of any hospital. In order
to the equipment be easily used in smaller operational rooms, like intensive therapy units (ITU) or hospital
rooms, the probe should be light enough and consequently be handled without cause any discomfort to the
patient. This goal could be reached by developing a new probe, which has a shielding, and collimator properly
designed for this purpose.  The aim has been to achieve the better ratio between interest measurement radiation
and background radiation with good detection efficiency for a specific geometry.  This work will present a
source-detection computational simulation considering different compound shielding materials.  The simulation
will be performed using MCNPX general code considering radiation energy sources most used in thyroid tests.
1. INTRODUCTION
Scintillation detectors are still mostly used in detection probes for applications involving
diagnostic and therapy of uptake thyroid tests in nuclear medicine (NM) exams. The use of
this type of detector is justified by its high energy detection efficiency as compared with other
devices.
The diagnosis of thyroid disease using uptake thyroid systems in NM is performed as follow:
first it is important to measure the incorporation of iodine by the gland, obtained through the
use of capture probes. This probe is a simple system formed by a conventional crystal
detector optically coupled to one photomultiplier tube. This set up is enclosed by a shielding
of lead to avoid undesirable radiations that hits the detector window excepts the radiation
coming directly from the thyroid gland. Then, the photons that reach the detector are
converted in electronic signals, amplified and conformed properly by an electronic counting
system of nuclear events. The Figure 1 shows a typical room used for thyroid uptake tests in
hospitals.
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Due to high efficiency detection characteristic the detector should be shielded as well to
avoid or reduce the background radiation. We have acknowledged that a typical shielding is a
very heavy device. It is possible to simulate the best geometry that fits the desirable
characteristics in order to obtain a light and portable equipment easily handled in intensive
therapy units or patients rooms. The Figure 2 shows a proposed application for thyroid uptake
systems in patient or ITU rooms found in hospitals.
Figure 1.  Thyroid uptake system for “in-vivo”
tests used in Nuclear Medicine Services.
Figure 2.  A possible arrangement for thyroid
uptake tests used in hospital dependence.
2. MATERIALS AND METHODS
The specifications of the materials selected for simulations of the system: scintillation
detector type, reflective layer and shielding are shown in Tables 1 and 2.
The detector used is a typical solid crystal monoline model 1M1/1.5, crystal size 1” x 1”,
hermetically coupled to a 1.5” photomultiplier. The detector composition is listed in Table 1.
This detector model was used for simulation due to its smaller dimensions in order to reduce
the total weight of the probe.
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The full system, including the detector and shielding, has been simulated with Monte Carlo
(MC) code, MCNPX v. 2.5.0, ORNL.
The results presented have been achieved with simulated point source using detail physics
and material data from the standard interaction libraries from MCNPX code. The graphics
show the energy deposited as a function of shielding thickness.
Table 1: Detector materials used in simulation
Material  Materials description
Density.
(g/cm3)
1 NaI : Tl (Sodium Iodide - thallium activation) 3.67
2 Aluminum (structural) 2.7
3 Al2O3 (Aluminum Oxide)  reflector 3.94
Table 2: Shielding materials used in simulation
Material
 Materials description Density.(g/cm3)
1 Lead 11.35
2 Copper 8.96
2.1.  Methodology description
Our goal is to reduce the original beam intensity (coming from source without shielding) up
to 50% at least.
Simulations were performed using a point radioactive source pointed toward to detector
center. The result assessment is based in system response as a function of deposited energy
(MeV/g) in the scintillation detector. The code output is presented as graphics. These
graphics show deposited energy in detector as function of shielding layer thickness for a point
source energy.
This assessment aims to optimize shielding heavier material (Pb) thickness, so it becomes
most efficient and light as possible.
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2.2. The basic simulated model
It is used a simple concentric spherical model for the shielding and detector system as shown
in Figure 3. A gamma ray point source of 600 keV, and F6 tally (deposited energy in
detector) were used in this simulation. The sum of lead and cooper thickness is 1 cm and the
lead thickness is modified in steps of 0.1 cm. The aluminum layers (layer 3 and 7) are
structural materials. The layers configuration are shown in detail in Table 3. The distance (d)
source - detector in Figure 3 is 50 cm. The operational system energy range is from zero (0)
to 500 keV, so using a higher value as 600 keV in simulation we can assure that for lower
energies, the new shielding will be effective (conservative mode).
Figure 3: Spherical model of the shielding and detector arrangement.
Table 3: The layers configuration for the model.
Layer Function
1 Scintillation detector  -  NaI(Tl)
2 Reflector material of detector composition  - Al3O2
3 Structural material of detector composition - Al
4 Gap region of Air
5 First layer of shielding material composition - Cu
6 Second layer of shielding material composition - Pb
7 Structural material of shielding composition - Al
Detector
Layers
Point
Source
Shielding
Layers
z
x
y
d
1
6
5
4
32
7
INAC 2011, Belo Horizonte, MG, Brazil.
3. RESULTS
Simulation outputs from the MCNPX code are presented in Figure 4 and Figure 5.
Figure 4: Dependency of deposited energy in detector as a function of lead thickness.
Figure 5: Dependency of total deposited energy in detector as a function of lead
thickness
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All uncertainties are small due to geometry adopted and the number of the histories used in
simulations. Although presented on the graphics are difficult to see. For the calculation of the
total deposited energy in detector is used the detector mass the 4.72 E+01 g, equivalent to a
cylindrical crystal of 1 x 1 inch length.
It can be seen an approximately linear relationship in the variation of the deposited energy on
detector. This feature indicates that is possible to reduce the number of the simulation points
in the future studies using other shielding materials.
The total deposited energy in detector with no shielding obtained in simulation was
2.09E-01 MeV.
Considering the 0.3 cm lead shielding thickness and consequently 0.7 cm copper thickness
can be achieved an approximately 50% reduction as proposed.
4. CONCLUSIONS
It can be observed that, using this methodology, it is possible to achieve good performance
and portability, reducing shielding lead layer thickness and consequently the weight, with no
damage in effectiveness, turning the new system more portable and reducing its cost when
comparing it with similar ones available in market nowadays.
Changing lead thickness and complementing the shield with a copper layer it was possible to
achieve the gamma intensity reduction that hits the detector.
 In future, the design of the probe (detector and shielding) would be improved using a light
collimator in the thyroid uptake system proposed to guide the gamma ray beam from the
human gland directly to the window detector improving efficiency detection.
Further studies will be made on a cylindrical model for detector and shielding instead a
spherical modeling used in the present work.
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